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Smoking and overweight determine the likelihood 
of developing rheumatoid arthritis 
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Dirkjan van Schaardenburg/ Lisa G M van Baarsen/ Danielle M Gerlag/ Paul P Tak^ 



ABSTRACT 

Objectives Rheumatoid arthritis (RA) is a prototypic 
chronic inflammatory disease with a debilitating course if 
untreated. A genetic predisposition for RA is known, and 
its occurrence is associated with the presence of 
autoantibodies in the serum and with environmental 
factors. It is unknown if smoking and overweight are 
contributory factors for developing RA in individuals with 
RA-specific autoantibodies in the serum. 
Methods Fifty-five individuals at risk for developing 
RA, based on the presence of RA-specific autoantibodies 
in the serum, who never had any evidence of arthritis 
upon physical examination, were followed over time. 
Smoking was assessed as being never or ever smoker 
and body mass index as <25 (normal) or >25 kg/m^ 
(overweight). Clinical endpoint was the occurrence of 
arthritis. Proportional hazard regression analysis was 
performed to investigate the potential of (combinations 
of) variables in predicting the onset of arthritis over 
time. 

Results After a median follow up time of 13 
(IQR 6-27) months, 15 individuals (27%) developed 
arthritis. Smoking was associated with the development 
of arthritis (HR (95% CI): 9.6 (1.3 to 73.0); p=0.029). 
Overweight was, independently of smoking, associated 
with arthritis (HR (95% CI): 5.6 (1.3 to 25.0); p=0.023). 
The overall arthritis risk of 28% after a median of 
27 months follow up increased to 60% in individuals 
with a smoking history combined with overweight. 
Conclusions This is the first prospective study showing 
that smoking and overweight increase the risk of 
development of arthritis in a cohort of autoantibody- 
positive individuals at risk for developing RA. These 
results show the importance of life style factors in 
development of RA and should be critically evaluated in 
future clinical research aimed at disease prevention. 



INTRODUCTION 

Rheumatoid arthritis (RA) is an immune -mediated 
inflammatory disease characterised by inflammation 
of synovial joints, often resulting in degradation of 
articular cartilage and bone, ultimately leading to 
joint deformities. If untreated, RA leads to disabil- 
ity, loss of quality of Hfe and work loss. RA causes 
premature death due to cardiovascular disease, 
analogous to diabetes mellitus^ and the impact of 
RA on costs for society is huge.^ The treatment of 
estabHshed RA is promising but expensive; there- 
fore the need for prevention of RA, if possible, is 
obvious. 

The aetiology of RA, though largely unknow^n, is 
considered multifactorial: a family history of RA 



and the presence of MHC class II genes^ and 
PTPN22^ increase the susceptibility of RA; 
the presence of rheumatoid factor (RF) and 
anti-citrullinated protein-antibodies (ACPA) point 
to a contribution of autoimmunity mechanisms 
and environmental factors such as smoking^ and 
obesity, and their interactions w^ith genetic 
factors, have been considered important.^ 

Recent research has discovered that circulating 
autoantibodies^^"^^ and increased acute phase reac- 
tants^^ can precede the clinical onset of RA, but only 
a minority of individuals w^ith RA-specific autoanti- 
bodies actually develops clinically manifest RA.^^ 
How^ever, the detection of these autoantibodies may 
define patients w^ith systemic autoimmunity asso- 
ciated w^ith RA w^ithout clinical evidence of arthritis, 
who are at risk of developing RA.^^ 

In this prospective observational study the con- 
tributory role of the modifiable factors smoking 
and overw^eight on the development of arthritis in 
autoantibody-positive individuals at risk for devel- 
oping RA was investigated. 

METHODS 
Study subjects 

Individuals w^ith either arthralgia and/or a positive 
family history for RA, but w^ithout any evidence 
of arthritis upon thorough physical examination, w^ho 
were positive for IgM-RF and/or ACPA, w^ere 
included in the study between June 2005 and August 
2010.^^ IgM-RF was measured using IgM-RF ELISA 
(Sanquin, Amsterdam, The Netherlands (upper limit 
of normal (ULN) 12.5 lU/ml)) until December 
2009 and thereafter using IgM-RF ELISA (Hycor 
Biomedical, Indianapolis, Indiana, USA (ULN 
49 lU/ml)). ACPA was measured using anti-CCP2 
ELISA CCPlus (Eurodiagnostica, Nijmegen, the 
Netherlands (ULN 25 kAU/1)). These individuals 
were recruited via the outpatient clinic of the depart- 
ment of Clinical Immunology and Rheumatology 
of the AMC, Amsterdam, via the Rheumatology 
outpatient clinic of Reade, Amsterdam, or via testing 
family members of RA patients seen at the outpatient 
clinic or at public fairs across the Netherlands. The 
study was performed according to the principles of 
the Declaration of Helsinki, approved by the institu- 
tional review board, and all study subjects gave 
written informed consent. 

Study design 

At baseline, demographic parameters were obtained 
as well as environmental and clinical parameters. 
Overweight was defined as a body mass index 
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(BMI) greater than or equal to 25 kg/m^, according to the 
World Health Association (fact sheet n°311). A detailed 
smoking history and smoking-status using number of 'pack 
years' was assessed, and smoking status was assigned as being a 
never smoker or an ever smoker. One pack year was defined as 
smoking 20 cigarettes per day for 1 year. 

Study subjects were followed over time until January 2012. 
Annual study visits were performed. The development of arth- 
ritis, defined as a painful and swollen joint, was the endpoint of 
this study. In individuals with suspected arthritis an extra visit 
was performed, at which the presence of arthritis was confirmed 
by two independent investigators (MS and DG or MH and 
DG). 

Statistical analysis 

Differences between study groups in continuous parameters 
were analysed using t test or Mann-Whitney U test if appropri- 
ate. Categorical data were analysed using test. 

Prediction analysis for arthritis-onset was performed using 
proportional hazard regression analysis (Cox-regression). 
Follow-up duration was defined as the time between inclusion in 
the cohort and the onset of clinically manifest arthritis, or 
between inclusion and January 2012 (censored). After univariate 
analysis, variables with p value < 0.2 were selected for a multi- 
variable analysis (forward and backward selection procedures). 
Meaningful statistical interactions were excluded upfront. 

Statistical analysis was performed using PASW Statistics VI 8 
(SPSS Inc, Chicago, Illinois, USA). 

RESULTS 

Cohort description 

Fifty-five autoantibody-positive individuals were included in the 
study (51 were referred to rheumatology outpatient clinics 
because of arthralgia, and four subjects without arthralgia were 
tested because of a positive family history for RA). Nineteen 
individuals were solely IgM-RF-positive, 22 were solely 
ACPA-positive and 14 were positive for both autoantibodies. 
Individuals were followed for a median duration of 27 (IQR: 
14-47; range 1-75) months. 

Fifteen of the 55 individuals (27%) developed arthritis during 
follow up after a median duration of 13 (IQR: 6-27, range 
0.5-47) months. Of the 15 patients who developed arthritis, 
11 fulfilled the 2010 ACR/EULAR criteria for RA^^ at arthritis 
onset and three were initially diagnosed as having undifferenti- 
ated arthritis but fulfilled the RA classification criteria later on 
(six fulfilled the 1987 ACR criteria for RA^^ at arthritis onset and 
one later on). For clinical parameters at arthritis onset and base- 
line see online supplementary table SI. One patient who devel- 
oped arthritis fulfilled the ACR classification criteria for 
osteoarthritis of the hand,^^ but not for RA. This patient received 
non-steroidal anti-inflammatory drugs resulting in a permanent 
remission of clinical signs and symptoms of arthritis. Of the 14 
patients ultimately fulfilling the classification criteria for RA, two 
did not receive disease-modifying antirheumatic drugs 
(DMARDs). One patient refused conventional treatment and 
used alternative medicines and the other patient refused treat- 
ment because of transient mono-arthritis for which he was 
closely monitored. Seven RA patients were treated with DMARD 
monotherapy, two with a combination of two DMARDs, one 
with a combination of a DMARD and anti-tumour necrosis 
factor (anti-TNF) therapy and one was included in a clinical trial 
evaluating the effects of anti-TNF therapy in early arthritis. After 
a median follow up of 18 (range 0-60) months three RA patients 
developed RA-erosions on x-ray (the two patients who did not 



receive DMARD therapy and one patient treated with DMARD 
monotherapy). 

Increased percentage of smoking and overweight 
in autoantibody-positive individuals who develop 
arthritis after follow up 

The percentage of ever smokers and individuals with 
BMI>25 kg/m^ was higher in the group that developed arthritis 
than in the group that did not (93% vs 53%; p = 0.005 for ever 
vs never smoking and 87% vs 45%; p = 0.006 for individuals 
with a BMI>25 kg/m^ vs those with a BMI < 25 kg/m^). The per- 
centage of individuals who developed arthritis was 38% in past 
smokers (n=21) versus 43% in current smokers (n=14) 
(p = 0.778 for the comparison between past and current 
smokers), compared with 5% in the never smokers (n=21) 
(p = 0.019 for the comparison between never smokers and past/ 
current smokers). IgM-RF- and ACPA-status and levels were 
comparable between individuals who developed arthritis versus 
those who did not (see table 1). 

Smoking and overweight are predictors for the 
development of clinically manifest arthritis 

In the proportional hazard regression analysis, 'ever smoking' 
was associated with the development of clinically manifest arth- 
ritis (HR (95% CI): 9.6 (1.3 to 73.0); p = 0.029) (table 2). 

Only one individual who never smoked developed arthritis 
over time. There was no difference between past and current 
smokers with regard to the onset of arthritis (p = 0.677). The 
relationship between smoking and the development of arthritis 
was not confounded by any of the other variables measured 
(data not shown). Besides smoking, BMI>25 kg/m^ at baseline 



Table 1 Baseline demographic and clinical parameters 





No arthritis 


Arthritis 






developed 


developed 


P 


Characteristic 


N=40* 


N=15 


Value 


Sex, female (n (%)) 


28 (70) 


9 (60) 


0.481 


Age (years) (mean (SD)) 


44 (12) 


47 (8) 


0.471 


Smoking history, evert (n 


21 (53) 


14 (93) 


0.005 


(%)) 








Pack years* (median (IQR)) 


10 (4-20) 


15 (10-24) 


0.129 


BMI > 25, kg/m^ (n (%)) 


18 (45) 


13 (87) 


0.006 


IgM-RF positive (n (%)) 


24 (57) 


9 (60) 


0.847 


IgM-RF level low positive 


15(62) 


4 (44) 


0.35011 


(n (%))§ 








IgM-RF level high positive 


9(38) 


5(56) 




(n (%))§ 








ACPA positive (n (%)) 


24 (60) 


12 (80) 


0.165 


AGRA level§ (kAU/L) 


465.5 (69.5-1229.8) 


452.0 


0.585 


(median (IQR)) 




(103.0-2518.8) 




IgM-RF and ACPA 


8(20) 


6 (40) 


0.129 



both pos. (n (%)) 
p Values <0.05 in bold. 

*Seven individuals have been at risk for arthritis development for a shorter period of 
time: two patients have started with hydroxychloroquine for arthralgias, and two with 
anti-TNF therapy because of a diagnosis of ankylosing spondylitis (n=1) or Crohn's 
disease (n=1). Three individuals were lost to follow up after some time. 
tSmoking history: never smoked: 0 pack-years; ever smoked: >0 pack-years. 
tOnly in smokers. 

§Only in positive individuals: low positive: <3 times upper limit of normal (ULN), high 
positive: >3 times ULN (according to the 2010 ACR/EULAR criteria for RA^^ ^^). 
HUsing test for frequencies of low and high positivity of IgM-RF in the two 
outcome groups. 

ACPA, anti-citrullinated protein antibodies; BMI, body mass index; IgM-RF, 
IgM-rheumatoid factor; RA, rheumatoid arthritis. 
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Table 2 Multivariable regression analysis for smoking and body 
mass index (BMI) 


Variables in model 


HR (95%CI) 


p Value 


Model 1 






Smoking (ever vs never) 


9.6 (1.3 to 72.9) 


0.029 


Model 2 






BMI (>25 vs <25 kg/m^) 


5.6 (1.3 to 25.0) 


0.023 


Model 3 






Smoking (ever vs never) 


8.2 (1.1 to 62.6) 


0.042 


BMI (>25 vs <25 kg/m^) 


4.8 (1.1 to 21.4) 


0.039 





was associated with the development of arthritis (HR (95% CI): 
5.6 (1.3 to 25.0); p = 0.023). In the proportional hazard regres- 
sion analysis smoking and BMI independently conferred an 
increased risk on clinically manifest arthritis. Of importance, 
BMI did not significantly correlate with smoking status 
(p = 0.472) and within the group of ever smokers BMI 
was significantly higher in the subgroup of individuals 
who developed arthritis compared with the group who did not 
(28.1 (27.3-34.0) (median (IQR)) vs 24.6 (21.7-28.7): 
p=0.010). 

In this cohort IgM-RF positivity was not associated with the 
development of arthritis, and ACPA-positivity showed a trend 
towards a predictive association (HR (95% CI): 2.7 (0.8 to 9.7); 
p = 0.119), but did not have predictive value over and above 
smoking and/or BMI. Of note, subjects were selected based on 
being positive for IgM-RF and/or ACPA, which limits the pre- 
dictive interpretability of IgM-RF and ACPA in this cohort. 
Other clinical parameters were not associated with the develop- 
ment of arthritis (data not shown). 

When combining smoking and BMI the frequency of arthritis 
development was significantly higher in ever smokers with 
BMI>25 kg/m^ compared with the other three categories 
(p=0.001) (see table 3). 

In conclusion, when performing proportional hazard regres- 
sion analysis the combination of being an ever smoker with 
BMI>25 kg/m^ resulted in an increase of the risk for develop- 
ment of clinically manifest arthritis from 28% to 60% after 
median follow up in this cohort of 27 months (figure 1). 

DISCUSSION 

The results presented here show that modifiable lifestyle factors 
such as smoking and overweight may importantly contribute to 
the onset of clinically manifest arthritis in autoantibody-positive 
individuals at risk of developing RA. 

The first important observation in this prospective study is 
the association between smoking and development of arthritis. 



Table 3 Frequency table for arthritis development in subgroups of 
smoking and body mass index (BMI) 





Never smoker 


Ever smoker 






BMI<25 

kg/m^ 

(N=10) 


BMI>25 

kg/m^ 

(N=10) 


BMI<25 

kg/m^ 

(N=14) 


BMI>25 

kg/m^ 

(N=21) 


Follow-up time, months, 
median (IQR) 
Arthritis developed, 
n (%) 


40 (24-71) 
0(0) 


28 (17-51) 
1 (10) 


23 (17-41) 
2(14) 


26 (9-42) 
12 (57) 




Never smoker, BMI<25 
Never smoker, BMI>25 
' Ever smoker, BMI<25 
' Ever smoker, BM>25 



10 15 20 25 
Follow-up time (months) 

Figure 1 Cumulative hazard for arthritis development in subgroups of 
smoking and body mass index. X-axis: follow up time in months; 
Y-axis: cumulative hazard for arthritis development. 



Smoking has recently been suggested to be a risk factor for 
developing RA/ but so far only association studies have been 
performed. Our study is the first analysing the impact of 
smoking on the development of arthritis by prospectively fol- 
lowing individuals with RA-specific autoantibodies without signs 
of arthritis who are at risk of developing the disease. 

Recent studies have suggested that the lung may be an early 
site of RA-related auto -immunity, supposedly by the effect of 
smoking on the citrullination of peptides. Interestingly, in a 
comparable cohort of individuals at risk for RA with elevated 
ACPA levels and greater than or equal to 2 RF isotypes without 
arthritis airway abnormalities were observed similar to 
those found in RA patients, and significantly more than in 
autoantibody-negative controls. ^ ^ 

In contrast to what has been suggested previously,^^ the high 
risk for smoking on arthritis development was not dependent 
on ACPA-status in our study. In addition, we were unable to 
define ACPA-status itself as risk factor, in contrast to what was 
observed in another cohort studying 147 autoantibody-positive 
individuals without clinically apparent arthritis. This is likely 
due to the relatively small number of study participants and dif- 
ferences in inclusion criteria between the current study and the 
previous. Second, overweight appeared to be a predicting factor 
for arthritis onset, independently of smoking. Thus far, the 
results of association studies of overweight/obesity and RA have 
been variable,^"^ 23-26 ^-^j^ different results for ACPA positive 
and negative RA^^ and males and females.^ More in 
general, an association between obesity and inflammation has 
been clearly demonstrated.^'^ Adiposity is characterised by adi- 
pocyte hypertrophy, leading to release of stress signals, such as 
endoplasmic reticulum stress,^^ and production of reactive 
oxygen species. As a result, inflammatory pathways are activated 
and inflammatory cells, such as macrophages and CD8-F T-cells, 
recruited into the adipose tissue. Adiposity is associated with 
increased production of pro-inflammatory adipocytokines, 
including leptin, TNFa, interleukin 1 (IL-1), IL-6 and monocyte 
chemotactic protein 1 (MCP-1), and decreased production of 
the anti-inflammatory adiponectin. How this systemic proin- 
flammatory state would lead to inflammation in the joint, needs 
to be elucidated. It is also possible that proinflammatory activity 
of adipose tissue in the synovial sublining of the joint might be 
involved. Previous work has shown that articular adipose tissue 
obtained from RA patients produced pro- and anti-inflammatory 
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(adipo-) cytokines upon activation, with stimulating effects on 
fibroblast-like synoviocytes.^^ 

In our cohort the overall arthritis risk of 28% after a median 
of 27 months follow^ up increased to 60% in individuals w^ith a 
smoking history combined w^ith overw^eight. This observation 
was made in a relatively small cohort, suggesting that the effects 
of smoking and overfreight are strong. In comparison, the risk 
for developing arthritis in never smokers w^ith normal weight 
was only 2%, showing that life style modification might have 
important consequences for arthritis development in RA-prone 
individuals. 

The importance of our findings is emphasised by the 
increased incidence of RA over the last decades, which cannot 
be explained by genetic factors, but is most likely influenced by 
environmental factors.^ Although this study does not demon- 
strate that smoking cessation and/or weight reduction are effect- 
ive in reducing the risk of RA, it is obvious that smoking and 
increased body weight are inherently modifiable lifestyle factors 
which are also important in other diseases and that modification 
leads to decreased health risks in general. An intensive preven- 
tion programme in Finland aiming at dietary changes and 
smoking cessation has resulted in long-term prevention of car- 
diovascular diseases^ ^ which was accompanied by a similar 
decline in the incidence of RA.^^ Such programmes may con- 
tribute to the prevention of RA and related co-morbidities and 
to a decreased socio-economic burden. 

The results of this study, if confirmed in larger, independent 
cohorts, may also help to better define a population at high risk 
of developing RA based on the presence of RA-specific autoanti- 
bodies, smoking history, and overweight. Improved prediction 
models may facilitate studies aimed at prevention of RA by tar- 
geted intervention during the preclinical phase. 

A limitation of this study is the relatively small sample size. 
The effects observed in our cohort provide the rationale for 
larger studies in independent cohorts to validate the results pre- 
sented here. Currently we are unable to determine whether 
smoking and obesity are crucial for development of autoanti- 
body positive RA in most patients, or whether these factors 
merely advance the onset of arthritis. We will continue to 
follow these individuals to address this issue over time. 

It should also be noted that we chose to define the presence of 
arthritis based on clinical assessment by two experienced investiga- 
tors rather than by imaging, consistent with clinical practice and 
evaluation in most clinical trials. Of note, the implications of syno- 
vitis shown by ultrasound or MRI in the absence of clinical evi- 
dence of arthritis are currently still incompletely understood. 

In conclusion, the results presented here suggest that preventable 
factors, such as smoking and overweight, may increase the risk of 
developing RA in RF and/or ACPA positive individuals. 
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